This paper deals with a theoretical method of calculation of the fluid motion, when a sinusoidal plane wave incidents to a permeable breakwater of arbitrary shape at constant water depth and shows that the problem for impermeable breakwater is solved as a special case of this method.
The method described here is the extension of the author's method of solution for two-dimensional permeable breakwater by the method of continuation of velocity potentials for two different fluid regions into three-dimensional problems by means of Green functions.
Here, the analytical process of calculation is presented and as representative examples, wave height distributions and wave forces around an isolated elliptic-and rectangular breakwater are calculated and compared with experiments in wave channel.
The principle of this method is also applied to the analysis of submerged and semi-immersed fixed cylinder and the motions of floating body of arbitrary shape.
Introdution
We have many investigations on wave scattering problem for impermeable, straight breakwater, but few of permeable one, especially, of arbitrary shape.
Here, we show a method of calculation for fluid motion around as isolated permeable and impermeable breakwater of arbitrary shape.
Assuming the fluid resistance to be proprotional to the fluid velocity, the fluid motion in a permeable breakwater regions has a velocity potential. And the motion in outer region of breakwater has also another velocity potential.
These velocity potentials are developed into infinite series of orthogonal functions in terms of the depth z from still water surfaces, with eigenvalues determined by free surface and bottom boundary conditions in both fluid regions.
And the coefficients of terms in these infinite series are the functions of horizontal coorinates (x,y) and satisfy Helmholtz's equations inherent to their own eigenvalues. Hence, by Green's identity formula, these coefficients at any point (x,y) in fluid region are expressed by their boundary values and normal derivatives to the boundary. Moreover, owing to the singularity of Green functions on the boundary, the boundary values and their normal derivatives of these coefficients are related by integral equations. Then, dividing the boundary into small elements and taking the sum, these integral equations are transformed into linear summation equations, which relate the values and their normal derivatives of coefficients on the boundary.
On the other hand, by the conditions of mechanical continuities of mass and energy flux through the boundary surface induced by fluid motions in outer and inner regions, the values and normal derivatives of above coefficients for outer region are linearly related to those for inner region.
Thus, we have two kinds of linear relations between the codfficients and their normal derivatives on the boundary and by solving these equations simnltaneously, we obtain the boundary values and derivatives of coefficients.
Then, by Green's identity formula, the velocity potentials and so the fluid motion at any point (x,y) in both regions are completely obtained.
As for the impermeable breakwater, the velocity potential in outer region is expressed by only two terms because of identical vanishing of scattering terms in infinite series and also normal derivatives of the coefficients vanish by the kinematical condition on the boundary. Hence the coefficients are determined by only one integral equation, from which velocity potential is easily determined.
I Analysis for Permeable Breakwater
A sinuoidal plane wave of frequency G( = 2TT/T : T is wave period) is assumed to incident to a permeable breakwater of arbitrary shape at constant water depth h.-As shown in Fig.l , the origine of cooridinate system is fixed at still water surface, x and y axes are taken in horizont, and z axis is vertically upwards. The cross-section of breakwater is indicated by a closed curve D, which shows the boundary between outer and inner fluid regions.
Fluid motion* in outer region I is assumed to be small amplitude wave motion in ideal, imcompressible fluid, and the one in inner region II to be Darcy's flow in porous material of void V with fluid resistance proportion is u.
Then, fluid motions in both regions have velocity potential ; J) (x,y, z) exp (-iat) and wave function satisfies the following Laplace's equation. Helmholtz's equations. 
on the boundary D as follows:
wherevis outward normal to the boundary and integral is the line integral taken in counter-clockwise direction along the boundary D.
Taking the limit when point (x,y) tends to any point (^',r\') on the boundary, Eq.(l.ll) (1.12) (1.13) give the following integral equations.
Tramsform of line integral to summation
Dividing the boundary curve D into small N segments S. (j=l,2,3,..N) by N points and indicating the central point of each segment by (E, . ,n .) , the line integral along D is replaced by summation as follow, for example:
and (£.,n.) is any fixed point corresponding to (£ ' ,n* ) .
Thus,Eq. (1.14) {1.15) (1.16) are written by the following summation equa-
(1.18) 
Therefore, the continuity conditions are expressed as follows:
Substituting Eq.(1.2) and (1.7) into above equations, we obtain , . , , .
.
Multiplying each term of above equations by cosh k(z+h) and cos k (z+h), and integrating from z=-h to z = 0, we have next relations. 
(1.32)
Above equations are applied to i=l,2,3,...N. If we take n ans s to n* (s) and s*,respectively, we have (n*+l)N equations for s*Nunknown f^ . There- 
• s y B.. and E.. are the same as A... And fn(j) and fn(j) are as follows:
For the existence of wave function $ 1 and <!>-, infinite series in the righthand sides of Eq. (1.2) and (1.7) must be uniformly convergent in x,y,z.
It is difficult for the authors to prove the convergence but it is estimated in the following way.
For large value of n in Eq. (1.2) , we have (£,n) converges.
s J Thus, if | f' s) (£,n) converges, X f ' s) (£,n), S f* n) (£,n) and • f' n) (C,n) are convergent, and wave cunctions <l > (x,y,z) and 0 (x,y,z) exist. But it is difficult to prove mathematically the convergency of 7 f * (£,n) and is estimated numerically, as shown in later example.
In practical calculations, infinite series are replaced by finite series, Hence, the accuracy of calculation should be tested by the agreement of both sides of Eq.(1.24) (1.25) for any value of z at any point (£,n). Distribution of wave height ratios and wave forces to breakwater are calculated by the following equations. In general, it is desired to make distance As . between successive cal-3 culation points in the boundary be shorter than about one eighth of wave length. Hence, in these calculations, twenty claculation points are distributed along the boundary as shown in Fig.2 where the largest distance between successive points is about 0.13L(L:wave length).
(i) Convergence of the series
As an example, taking n* =3,s*=4, the numerical values of f,(j),f^ (j) (s) and f (3) at every calculation points are shown in Table-1 for elliptic 2 breakwater of V=0.5, uV/a=1.0 for wave of a h/g=0.5, w=0°-(For the case of a»=0°, values at symmetrical points with respect to x axis are the same, so that, values at j=11^19 are the same as those at j-1^9, respectively.)
From the results, it is found that the convergence of the series discussed in Il(vii) is satisfactory and n*=3,s*=4 are sufficient for practical calculation of this case.
(ii)
Exactness of calculation
The exactness of calculation are determined numerically by testing how accurately the continuity conditions Eg. (1.24) and (1.25) are satisfied. at depth of z/h= 0,-0.2,-0.4,..., -1.0 at point j =10 andl5 in above case.
From the results, it is found that the exactness of calculation is sufficient.
(iii) Wave height distribution From these distributions, it can be seen that:
The differences between rectangular and elliptic breakwater arise from the apexes of rectangle and clearly appear for co=0° and almost disappear for OJ=90°.
(b) The longer becomes the breakwater, the more clearly appears the standing wave in front of breakwater, for u)=0° in case of b/h=1.0, the standing wave almost disappears.
(c) The wave height in front of permeable breakwater is always smaller than that of impermeable one. And wave height behind permeable breakwater is smaller than the one behind impermeable breakwater for the case of short breakwater but is adverse for the case of long breakwater. This is due to fact that for short breakwater, waves behind it are mainly diffracted waves and behind permeable breakwater they are smaller than those behind impermeable one, and for long breakwater, waves behind permeable one aremainly transmitted waves through breakwater but those behind impermeable one are mainly diffracted waves and become smaller for longer breakwater.
(iv) Wave Forces
Calculated wave forces by (1.50) , (1.51) and(2.6) are as shown in Table- The method of analysis described in this paper can be applied to the calculations not only for elliptical and rectangular shapes but also for arbitrary shapes. And the same principle is avaiable to the analysis of permeable quay wall, and also of fixed semi-immersed, of submerged cylinders. for a 2 h/g = 0.5 j f l f2(l) f2 (2) f2 ( Table 2 Numerical check on the boundary conditions 
